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Outline

 The past:
— Hard CMP & Neutrons (lessons from the millennium)
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Magnetic order close to superconductivity in the
iron-based layered LaO,_,F,FeAs systems
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* High Intensity powder diffraction
« Engaged with forefront materials synthesis
» Hustle to be first and to be right



Glant Magneto Resistance
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Observation of a Magnetic Antiphase Domain Structure with Long-Range Order
in a Synthetic Gd-Y Superlattice
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Grinberg: The underlying mechanism

was known before GMR was discovered “@F Albert Fert, Peter Grunberg
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Charge Ordering and Polaron Formation in the Magnetoresistive Oxide L ap7Cao3MnQO3
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* Neutrons provide explanation for Colossal magneto-resistance
« Thermal TAS: Still versatile & effective but can it survive TOF?
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Quantum Excitations in Quantum Spin Ice
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Fractionalized excitations in the spin-liquid state of a
kagome-lattice antiferromagnet ol

Tian-Heng Han', Joel S. Helton?, Shaoyan Chu?®, Daniel G. Nocera®, Jose A. Rodriguez—Riveraz’S, Collin Broholm?® & Young S. Lee!




Spinons on kagome

S = % kagome AFM has a finite
concentration of spinons in its
ground state.

Spinons are solitons with spin S
= 1% and fermionic statistics.

Spinons cannot be
created/anihilated individually

This is manifest in the
replacement of a coherent
mode by a continuum

Z.-H. Hao and O. Tchernyshyov, PRL 103, 187203 (2009).
Y. Wan and O. Tchernysnyov, ArXiv 1301.5008v1 (2013)
Z. H. Hao and O. Tchernysnyov, ArXiv arXiv:1301.3261 (2013)
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Features of MACS that enhance count rate

Doubly fo g monochromatc 20'channel focusing analyzer
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MACS was proposed a decade before kagome magnetism in Herbertsmithite was
discovered: Optimizing for efficiency gives good chance of impact.
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A heavy fermion nesting instability?
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Breaking up the critical state with B
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Reliable access to extreme thermodynamic conditions (her low T and high B) is

- | essential for discoveries in hard condensed matter physics
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To Impacts HCMP (Millennial Wisdom)

Link exploratory synthesis with high intensity
diffraction

Do experiments at the interface between

science and technology

Use the power of neutrons to “solve” topical
problems in CMP

Loop in leading theorists to subject data to




Frontiers in Hard Condensed Matter

 Quantum Spin liquids

— Evidence for emergent electrodynamics (artificial light) | : )
— Hamiltonian + continuum for quantum spin liquid - f
— Field driven effective chemical potential ‘_,.?_;,}
;
Correlated Topological materials B
Castelnovo

— Neutrons as a probe of renormalized bandstructure
— Systematics of bound state

— Surface magnetism David HII

k’(}(‘

 Linked degrees of freedom




High Efficiency Instrumentation

Still order(s) of magnitude to gain!
Continue cold source optimization
Focus neutrons onto the sample
Broad incident spectrum for diffraction




Future of CW neutron diffraction

X 10 performance
from bandwidth multiplexing

Simultaneous
Wide Angle
Spectroscopic
Detection

(CANDOR)



Future of CW neutron spectroscopy

Simultaneous

Wide Angle
X 10 performance Spectroscopic
from bandwidth multiplexing Detection

(CANDOR)

Monochromatic incident beam




“Big Data” & Neutron Scattering

« Comprehensive automated data collection:

* The “experiment” is an analysis of
previously acquired data

« After grace period other groups do
“experiments” on archived data

« Key Benefits:
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Other critical factors

* Polarized neutrons
— Compact 3He retrofit (MACS)
— Cryopad capability
— Larmor labeling
« Sample environment innovation




Summary

 Neutrons: indispensible in Hard CMP
— Emergent excitations in spin liquids
— Quantum critical metals
— Spin order and fluctuations in superconductors
— Coupled spin-charge-lattice-orbitals
 Order(s) of magnitude gains in view
— Improved cold source




